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A method of depositing a wear resistant seal coating and seal system 

FIELD OF INVENTION 

15 This invention relates according to claim 1 to a method of depositing a wear 
resistant seal coating and a seal system according to claim 6. 

STATE OF THE ART 

20 The effectiveness of a seal between two mating surfaces of parts of an engine 
depends on the formation of a glazed layer on the surface during operating 
condition. For a seal to efficiently operate there must be a formation of ade- 
quate and correct amount of cobalt oxide glaze in the surface. For example, 
the formation of too little or too much of the glazed layer in cobalt and chro- 

25 mium carbide wear coating will adversely affect the life of the seal. An ade- 
quate but proper amount of cobalt oxide in the system is a necessary condi- 
tion for the design life of the wear coating. Current seal systems of cobalt- 
chromium carbide have the limitation in that they form too much cobalt oxides 
at elevated temperatures and will not provide the desired life goal of a gas 

30 turbine seal system at high temperatures. 

The wear coatings are generally applied by plasma spray process. For exam- 
ple, it is known from US-A-5,41 9,976 to deposit chromium and tungsten car- 
bide wear coatings by a HVOF process. Similarly, in US-A-2001/0026845, 
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deposited wear, oxidation and corrosion resistant coatings by a HVOF proc- 
ess. The coatings disclosed were titanium silicon carbide i.e. H phase ceram- 
ics, of the generic type 3-1-2 and 2-1-1. While US-A-6,302,318, US-A- 
6,398,103 and US-A-200 1/00061 87 are disclosing methods of depositing 
5 wear resistant coatings, wherein a foil containing the wear coatings is first 
attached to the substrate surface and then fused by brazing. The wear coat- 
ings referred here are of chromium carbide type. US-A-6,423,432 discloses a 
method of manufacturing wear coatings by first thermal spraying a powder 
mixture of Ni-Co alloy and chromium carbide to form a chromium carbide 
10 coating layer and then applying Al by diffusion and infiltration onto the carbide 
layer. 

US-A-6,503,340 discloses a method of forming chromium carbide coatings by 
carborizing the surface followed by chromizing to form chromium carbide 
15 coating. 

US-A-5,558,758 discloses a method of depositing a chromium carbide coating 
using an electroplated process. Briefly, the process involves deposition of 
chromium carbide particles held in suspension in the electrolytic bath con- 
20 taining cobalt salt in solution. The other examples of entrapment plating to 
produce the abrasive tips for gas turbine blades are disclosed in the US-A- 
5,935,407 and US-A-6, 194,086. In the examples here the cubic boron nitride 
was plated from a suspension of boron nitride in the electrolytic bath onto 
plasma sprayed MCrAlX bond coats. 

25 

In the invention disclosed here the preferred method is the electroplated 
method as disclosed in US-A-5,558,758. The electroplated method is pre- 
ferred since the process has no line of sight limitation and the coating thick- 
ness could be better controlled than plasma spray process. Additionally the 
30 carbide wear coating is done at or near room temperature and the oxygen or 
nitrogen contamination (as would happen during plasma spray process) det- 
rimental to ductility are eliminated. 
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The aim of the present invention is to develop a stable sealing system with an 
adequate but not excessive amount of cobalt oxide as the upper scale. This 
5 has been accomplished with a chromium rich inner scale to sufficiently slow 
down the supply of cobalt to the surface for re-oxidation and therefore pre- 
venting the rapid loss of the wear properties of the coatings in service. The 
second aim is to find a method to apply the wear resistant coating of invention 
onto the component with proper control of coating composition to provide 
10 adequate and correct amount of cobalt oxide glaze in the surface layer. An- 
other aim is to be able to deposit a thin coating with no line of sight limitation 
or any oxide contamination as prevalent during plasma spray process. 

According to the invention disclosed herein a method of deposition a wear 
15 resistant seal coating was found described in the features of the claim 1 and a 
seal system according to claim 6. 

In the duplex layer approach, the upper layer of the coating contains a higher 
volume fraction of chromium carbide than the layer below. In general, the seal 

20 system can be built up of multiple layers, each layer has an increasing amount 
of carbide content, with highest carbide content being in the top layer. The 
higher activity of chromium translate to formation of chromium rich under layer 
which slows down the mobility of cobalt hence reduce the growth of the cobalt 
oxide on the surface. Therefore, in this case, the necessity of pre-heat- 

25 treatment of coating to form chromium containing scale is not essential. 

According to the present invention the seal coating can be applied by using an 
electroplated method as mentioned in US-A-5,558,758. It is noted that the 
cost of the application of a coating by a galvanic i.e. the plating process is with 
30 advantage a third of a conventional plasma spray coating. In addition, the 
process of the invention has a thickness control of ±20 |Lim of the thickness of 
the deposited layer, where as conventional plasma spray coating processes 
have thickness scatters of ±75 |Lim or even more. Thus, a coating with a layer 
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thickness in a range of 25-400 can be applied. The used electroplated 
process has no line of sight linnitation and can coat complex contour surfaces 
(i.e. a blade or vane) with uniformity. 

5 In the duplex coating system the volume fraction of carbide in the bottom layer 
of the coating is between 20 - 30 %. In the upper layer of the coating the 
volume fraction of carbide is in the range of 30% to 50%. The thickness of the 
upper layer is 25 to 75% of the total thickness of the coating and thickness of 
layers can be adjusted depending on the seal system stability and perfomn- 

10 ance requirement. 

Post coating heat-treatment can be applied to selectively enrich the upper 
coating with chromium. The coating is pre-heated at higher temperatures to 
enrich the upper layer with chromium. This heat treatment in vacuum is done 

15 at temperatures in the range from 800 to 1060°C for time in the range half an 
hour to 100 hours. At SOO'C the chromium enrichment due to heat-treatment 
is low while at around 1060*C chromium enrichment is significant i.e. a 
greater amount of chromia scale is formed. The heat-treat time interval is 
dependent on the heat-treat temperature itself, a considerably shorter time is 

20 needed at elevated temperature i.e. 30 minute at 1060*C while at least a 100 
hour heat-treatment is required at 800 "C. 

The coating according to the present invention can be provided as a seal 
system between mating surfaces of gas turbine components such as combus- 
25 tion liners etc. 

BRIEF DESCRIPTION OF DRAWINGS 

Preferred embodiments of the invention are illustrated in the accompanying 
30 drawings, in which 

Fig. 1 shows as an example a wear protective duplex coating structure and 



Fig. 2 
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shows an application of an inventive seal system at a combustor liner 
of gas turbine. 



The drawing shows only parts important for the invention. 
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DETAILED DESCRIPTION OF INVENTION 

According to the present invention a wear resistant coating 2 which consists of 
at least two layers 3, 4 on the surface of an article 1 . The upper or surface 
10 layer 4 has a higher chromium activity than a bottom layer 3. 

In the present invention consists of the promotion for forming a chromium rich 
layer quickly beneath the glazed layer consisting of cobalt oxide. Once the 
chromium rich layer is formed; subsequent formation of cobalt oxide is e- 

15 duced because now cobalt must diffuse through the chromium rich layer to the 
surface to promote cobalt oxide growth. In the present coating 2; the upper 
layer 4 has a higher amount of chromium carbides than the bottom layer 3. As 
it is typical, the chromium carbide is dispersed in the cobalt matrix. In general, 
the seal system can be built up of multiple layers, each layer has an increas- 

20 ing amount of carbide content, with highest carbide content being in the top 
layer. 

The advantages of the layer system are that it will have a higher stability and 
better wear retention ability and may not require pre-heat treatment of the 

25 components. Oxidation studies conducted showed that the cobalt oxide is the 
upper scale but beneath scale contains a layer of chromium rich oxides. The 
presence of the chromium oxide in the scale is strongly dependent on time 
and temperature. A heat-treated coating formed a thinner scale during oxida- 
tion. The heat treatment of parts i.e. combustor components, in general could 

30 be done at temperatures up to 900 but at higher temperatures there could 
result in a deformation of the parts, i.e. combustor components. Nevertheless, 
substrates able to withstand higher temperature may accrue lifetime benefit by 
such heat-treatment. 
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A cobalt-chromium carbide coating containing 33% chromium carbide was 
deposited on substrates. The coatings were oxidized at eSCC for 300, 1000 
5 and 2632 hours respectively. The oxide grew relatively faster until 1000 hours 
and then slowed down dramatically such that the scale thickness at 1000 and 
2632 hours was similar i.e. a minute increase in thickness from 1000 to 2632 
hours. Longer time of exposure allowed the enrichment of the chromium be- 
low the cobalt oxide scale. The trend in scale thickness was similar at 800 =C. 

10 

Based on this observation samples were pre-heated at 800 and 1060X1 in a 
vacuum and then oxidized for at SOO'C in air. Pre-oxidation reduced the oxide 
thickness and reduction was more dramatic after heat-treatment at 1060*C for 
30 minute. The overall thickness of the coating 2 is up to 400 (im, the prefer- 
15 able range is from 50 to 250 \im. 

In the duplex coating system the volume fraction of carbide i.e. between 20 - 
30% in the bottom layer 3 of the coating 2. In the upper layer 4 of the coating 
2 the volume fraction of carbide is in the range of 30 to 50%. The thickness of 
20 the upper layer 4 is 25 to 75% of the total thickness of the coating 2 and can 
be adjusted depending on the seal system stability and based on system 
performance. 

Post coating heat-treatment can be applied to selectively enrich the upper 
25 coating layer 4 with chromium. This heat treatment in vacuum is done at tem- 
peratures in the range from 800 to 1 060*C for time in the range half an hour to 
100 hours. At 800°C the chromium enrichment due to heat-treatment is low 
while at around 1060*C chromium enrichment is significant i.e. a greater 
amount of chromia scale is formed. Since cobalt oxide is absolutely necessary 
30 to sustain the wear properties, a heat-treatment temperature in the range 800- 
to lOOO^C is preferred or alternately a very short time at 1060*C. The heat- 
treat temperature is dependent on the substrate compatibility, it is to be noted 
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that at higher heat-treat temperature even a short heat-treatment may provide 
a significant lifetime benefit. 



The advantages of the layer system are that it will have a higher stability and 
5 better wear retention ability and may not require pre-heat treatment of the 
components. 

According to the present invention the seal coating 2 can be deposited by 
using an electroplated method. It is noted that the cost of the application of a 

10 coating 2 by an electroplated process is with advantage a third of a conven- 
tional plasma spray coating. In addition, the process of the invention has a 
thickness control of ±20 of the thickness of the deposited layer, where as 
conventional plasma spray coating processes have thickness scatters of ±75 
(xm or even more. Thus, a coating with a layer thickness in a range of 25-400 

15 |xm can be applied. Thinner coating increases the mechanical integrity of the 
sealing system. The used electroplated process has no line of sight limitation 
and can coat complex contour surfaces i.e. a blade or vane with coating thick- 
ness uniformity. 

20 As seen in Fig. 2 this coating 2 can be provided as a seal system between 
mating surfaces of gas turbine components such as combustion liners 5, 
whereby a clamp strip 6 and a seal 7 is provided. 

While our invention has been described by an example, it is apparent that one 
25 skilled in the art could adopt other forms. Accordingly, the scope of our inven- 
tion is to be limited only by the attached claims. 
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1 Article 

2 Coating 

5 3 Bottom layer of coating 2 

4 Upper layer of coating 2 

5 Combustor liner 

6 Clamp strip 

7 Seal 
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CLAIMS 

1 . A method of depositing a wear coating (2) on the surface of an article (1) 
comprising the steps of 

- depositing at least a first layer (3) of the coating (2) on the surface of 
the article (1), the first layer (3) comprising a certain amount of chro- 
mium carbides dispersed in a cobalt matrix and 

- depositing at least a second layer (4) of the coating (2) on top of the 
first layer (3), the second layer (4) comprising an amount of chromium 
carbides dispersed in a cobalt matrix which is higher than the amount 
of chromium carbides in the first layer (3). 

2. The method of depositing a coating (2) according to claim 1 , comprising 
after the step of depositing at least a first layer (3) of the coating (2) on the 
surface of the article (1), the first layer (3) comprising a certain amount of 
chromium carbides dispersed in a cobalt matrix further the step of 

- depositing a plurality of successive layers (3, 4), each layer has an in- 
creased amount of carbide content, with highest carbide content being 
in the top layer (4). 

3. The method of depositing a coating (2) according to claim 1 or 2, compris- 
ing the step of applying a coating (2) with a overall thickness of up to 400 
\im, with a preferred thickness in a range of 50 to 250 |xm, 

4. The method of depositing a coating (2) according to claim 1 to 3, wherein 
the layers (3, 4) of the coating (2) are applied by an electroplated method. 

5. The method of depositing a coating (2) according to claim 1 to 4, compris- 
ing further the step of heat-treating the applied coating (2) is in vacuum at 
temperatures in the range from 800 to lOBO'C for time in the range half an 
hour to 100 hours. 
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6. A seal system between two articles (1) wherein at least one article (1) is 
coated with a wear protective coating (2), the coating (2) comprises 

- at least a first layer (3) on the surface of the article (1 ), the first layer (3) 
comprising a certain amount of chromium carbides dispersed in a co- 
balt matrix and 

- at least a second layer (4) of the coating (2) on top of the first layer (3), 
the second layer (4) comprising an amount of chromium carbides dis- 
persed in a cobalt matrix which is higher than the amount of chromium 
carbides in the first layer (3). 

• 7. The seal system according to claim 6, wherein the coating (2) is provided 
as a seal between gas turbine components. 

8. The seal system according to claim 6 or 7, wherein the coating (2) is ap- 
plied to mating surfaces of two articles (1 ) or gas turbine components. 

9. The seal system according to any of the claims 6 to 8, wherein the total 
thickness of the coating (2) constituting layers (3, 4) is up to 400 |Lim, with 
a preferred range from 50 to 250 \xm. 

10. The seal system according to any of the claim 6 to 9, wherein the thick- 
ness of the upper layer (4) is 25 to 75% of the total thickness of the coating 
(2). 

1 1 .The seal system according to any of the claim 6 to 9, wherein the volume 
fraction of chromium carbide of the upper layer (4) is in the range of 30 to 
50%. 

12.The seal system according to any of the claim 6 to 9, wherein the volume 
fraction of chromium carbide in the bottom layer (3) is in the range 20 to 
30%. 
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13. The seal system according to any of the claim 6 to 12, wherein the seal 
system is built up of multiple layers, each layer has an increasing amount 
of carbide content, with highest carbide content being in the top layer. 
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ABSTRACT 

It is disclosed a method of depositing a seal coating and a seal system com- 
prising at least two layers (3, 4) on the surface of an article (1). The upper or 
surface layer (4) has a higher chromium activity than a bottom layer (3) to 
reduce a diffusion of cobalt and the formation of cobalt oxide is reduced. The 
coating (2) of invention may be heat-treated to reduce or optimize the forma- 
tion of cobalt oxide to sustain the wear property. 
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